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[Abstract]

Although the use of digital twins has evolved within the manufacturing sector, their potential as perceptual systems remains
underexplored. This study proposes the "Experiential Digital Twin" (EDT) as a conceptual and structural redefinition of digital
twins for media art applications. EDT emphasizes experiential accuracy by transforming real-world data into sensory and
interactive expressions. By reconfiguring core components like real-time synchronization and simulation loops, this research
facilitates artistic interpretation and audience engagement. A four-layer framework comprising physical reality, data interpretation,
experiential simulation, and audience interaction is introduced. This study how digital twin technology can transcend industrial

optimization to function as a sophisticated real-time media art system, extending its utility toward cultural and artistic production.
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1. CIXIZER T o|C|ojotEL| FALE Tt XIO|H
Table 1. Similarities and differences between digital twin and
media art

Category Digital Twin Media Art

Synchronization of
physical asset states
with minimal latency to
support
decision—making

A condition for enabling
a sense of “now-ness”
and eventfulness in
audience experience

—Emphasis on
interpretive and
transformative use of
data for sensory and
semantic expression

—Data normalization for
visual, auditory, and
spatial representation

—Emphasis on
objective, quantitative
data with noise
minimization

—Data normalization for
prediction and
optimization

Commonalities

Non—deterministic
intervention where user
actions become part of
the artwork

Limited intervention
focused on control and
decision—-making

Prediction of future Generative mechanism
states and derivation of | for producing

optimal operating experiential and
conditions SENsory responses

Open-loop system
allowing experiential
accumulation and
variation

Closed—-loop system
oriented toward control

) and optimization
Differences

Generation of
meaningful experiences
and expansion of
interpretability

Accurate state
prediction and
maximization of
operational efficiency

Immersion, presence,
and experiential
consistency

Accuracy, error rate,
predictive reliability
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Table 2. Comparison between EDT and related media art paradigms
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Category CPS / Interactive Art
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Experiential Digital Twin
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Layer 4. Audience as co-creator

Audience Physical interaction (movement, proximity)
Interaction Behavioral influence on system state
Layer Experience memory accumulation

Layer 3. ‘ Experiential Output |
Experiential Real-time Generative Simulation
Simulation Non-deternunistic State Transitions

Layer Sensory and Affective Responses
Experience-oriented Feedback Loops

Layer 2. Data | Experiential Parameter Generation
Interpretation || Sensor Data Processing

Layer Semantic and Aesthetic Mapping

Physical Variables — Artistic Parameters

(e.g., Temperature — Color, Vibration — Sound)

Layer 1. Environment (space, building, climate)
Physical Human presence (movement, behavior)
Reality Layer || Machine or urban mfrastructure

Data characteristics: continuous, real-time, imperfect

J8 1. A EE CX|E ERIEDT)2 /IgH4AIS 7=
Fig. 1. 4 layer architecture for experiential digital twin (EDT)
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Conventional Digital Twin Experiential Digital Twin (EDT)
Research
Purpose
*Optimization Reconfiguration «Interpretation
*Error Reduction \\\ *Sensory Translation
*Predictive Accuracy > *Narrative Generation
*Control-oriented Simulation «Experiential Simulation
*Quantitative Evaluation *Qualitative Coherence

*Engineering-driven methodology *Design-oriented research
*Closed-loop system *Open-ended experiential system

J8 2. CX|YH ERJ A7 EDTEL| /g™ M2t =2|
Fig. 2. Conceptual transition logic of digital twin research
toward EDT
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ol&8 System architecture-based methodology+
EDTE ok 2t A3 1 4283 4 991z A=
t}. Physical Reality Layerdlr $3%= 34 do]g7}
Data Interpretation LayerE %3f ol&4 W42 Wiy,
Experiential Simulation LayerollX ZZb4 w02 A+
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Reference Architecture
(Manufacturing DT)

1. Physical Reality Layer Design-Oriented Transformation
+Real-world space, environment, Criteria
human presence
+Physical Asset «Continuous data source «Data Interpretation Layer
\ L — From optimization variables to
«Virtual Model | 2. Data Interpretation Layer expressive parameters
/ *Sensor data — artistic *Experiential Si ion Layer
*Semantic & aesthetic mapping — From predictive output to
experiential generation
3. Experiential Si ion Layer d ion Layer
*Generative, non-deterministic — From user control to co-creative
simulation influence
*Sensory and affective output

*Data Synchronization

*Simulation & Optimization Loop

4. Audience Interaction Layer l

Aud as reator *Design-oriented research

«Human-in-the-loop feedback +Open-ended experiential system

T8 3. ZEX CIX|E ERIS RISHAIAE o7 "X 7|8 e E

Fig. 3. System architecture-based methodology for
experiential digital twin

“Engineering-driv
+Closed-loop system
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3-2 Methodological Overview
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3. CHlE SHEN 21X
Table 3. Layer-by-layer methodological structure
Category

Description

—Assumes that data generated from space,
environment, and human movement are
Physical Reality | inherently incomplete and unstructured
Layer: —Treats missing data and intermittent signal loss

Embracing not as system errors but as elements that reflect
Incomplete the discontinuity and contingency of the
Real-World physical world

Data —Redefines reality not as an object to be precisely
replicated, but as the starting point for
experience generation

—Considers noise and variability as expressive

Data resources rather than artifacts to be eliminated
Interpretation | —Transforms unstable sensor oscillations,
Layer: latency, and deviations into fluctuations of
Semantic color, sonic distortion, and variations in visual

Transformation | rhythm

Rather Than | —Reinterprets data not as numerical descriptions
Noise Removal | that accurately explain physical states, but as
signals that trigger sensory responses

Experiential —Treats non—determinism not as instability to be
Simulation eliminated, but as a core element that ensures
Layer: experiential diversity and non-repeatability
Generating —Designs simulations to allow and amplify
Sensory variation
Responses | —Evaluates simulation success based on sensory
Rather Than coherence and sustained immersion, rather
Predictions than accuracy or reproducibility
—Integrates human actions as dynamic variables
Audience within the system to complete non—deterministic
Interaction narratives
Layer: —User engagement is not limited to explicit inputs
Co-creative or control interfaces; bodily presence and action
Structure themselves become part of the data flow
Mediated by | —EDT operates not as a closed system but as an

Imperfection experiential apparatus that is continuously

reconfigured

Az AL EdNA F75= AEHd, M8, o5 7
aiE AlsehA] etk tidl, B9 diojE ok vA
285 TR oR s8R, APS s
l—\ﬁi_/] sﬂ/\l 013]; )\1—_.1;]_ 131 s} Ao
A7} oy}, EDTE A9 A4 viA= A9
3 o pped Agelnt. oleld T2 47
NH oz ANFoA, UALENS vrjojops
NN A 7hseA &8 7 de HEA EUE Al

a

ol Ao % mx ol
of

22
ju)
ot

o, mlm

|
7

o o mlo
N
o,

i
i

o of m > N > o oX
)

o 19
vl

w

-3tk

o

-|o+
0ﬁ

LS 913t EDT 7] 47 A4 U 43 g

EDT ZdJYTE A wit]ojolE A2t @ A &g
A8317] 28 i EA Jho|=aiRle AAIS) 9bA AlQtek
A=l olF|8IA 7} K] A A THoE ofEwA A
g F de=AE Bo]F= A AH(Design Guidelines)
ojzl, bR FztellA el A AE B AAE H7lstr] fls)
Oxg EQS A =72 &8ss A AT ZEHE A

Zolsi [42], 714 AR} A8t HE e A
o] R3S AL B AFE Zydae] fade =



o|c|ofotE

gHow AFar] el that 22 7] 7 Alve e
o} AaA AT A= AAE Aokshd, 0|2 =3 EDT7}
Agsls A2E olF|ElA )W W] AHA ZAE vl
wefars} gt

E 4. EDT| ZEN ATM S QIstAlLIZ|2 7|8 ot
Table 4. Scenario-based evaluation for experiential
consistency in experiential digital twins
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Description and

Step ey S Observation Points
Environmental changes
(temperature, illumination, Ti i
. noise) ime of occurrence
i )
@ P.hySICal Bodily movements of the (t|mestamp)
Trigger ; Intensity and type of
audience change
Real-time changes in urban 9
or spatial data
Sensor data are transformed
® State into artistic variables State change logs

Consistency of
interpretation rules

Examples: temperature —
color spectrum; crowd
density — sound density

Interpretation

Simulation outcomes

Response
® generate sensory responses aneration fime
_ rather than mechanical 9 T
Experiential - Continuity or
. . predictions . o
Simulation ) . . discontinuity of
Visual, auditory, and spatial
. responses
transformations
® Audience perceives visual, Dwell time
auditory, and spatial changes | Gaze movement
Perceptual > )
Resoonse Bodily immersion and Re—engagement
P focused attention emerge behavior
Audience recognizes that Post—experience
their actions influence the interviews
® Audience system Surveys (Likert
Interpretation Audience perceives that scale)
environmental changes are Recognition of
reflected in the expression causality

Sustained perception of
® causality
Response latency within an

High / Moderate /
Low Experiential

Experiential ;
) acceptable range Consistency
Consistency . )
: Absence of semantic Or Success / Partial
Evaluation

breakdown during repeated / Failure

experiences
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Table 5. Analysis of existing media art works based on the
EDT 4-layer framework

<Pulse Room> <Forest of Resonating

EDT layer ~ Lamps>
(Lozano—Hemmer) (teamLab)
) Collection of data on the
Realtime heart rate location of visitors within
Physical (BPM) data collection

the exhibition hall and
their distance from
adjacent ramps

Reality via audience fingerprint
sensor contact

Map individual heart rate
data to the flashing
cycle and intensity

change values of a light

bulb

Convert audience
location into specific
color code and diffusion
rate variables

Data
Interpretation

[State Transition]
Simulates the light
propagation path as a
graph structure to

[Maintain State] Store
past audience heart rate
states in a light bulb

Experiential array and activate a ) ;
. ) ) ) calculate the diffusion
Simulation simulation loop that .
. . and interference states
sequentially shifts the ) . . .
) of light in real time in
entire state upon the .
; response to audience
influx of new data. ; :
intervention.
) Experiencing the value
An emotionally P ) 9
) . . of physical presence
immersive experience )
) . and coexistence through
Audience where the audience h .
; X ; the process in which the
Interaction recognizes that their

audience's presence
transforms the visual
order of the entire space

biosignals become part
of a vast history of light.

33 5. 0|C|0{otE Al <Pulse Room>(2!%)2} <Forest of
Resonating Lamps>(2&%)

Fig. 5. Media art examples <Pulse Room> (left) and <Forest
of Resonating Lamps> (right)
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3-5 Operationlizing Experiential Consistency

7884 §d(Experiential Consistency)’ < Experiential
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